Background/Aims: Neighborhood walkability is associated with indicators of health in the general population. We explored the association between neighborhood walkability and daily steps in hemodialysis (HD) patients. Methods: We measured daily steps over 5 weeks using Fitbit Flex (Fitbit, San Francisco, CA, USA) and retrieved Walk Score ® (WS) data by patient's home ZIP code (www.walkscore.com; 0 = poorest walkability; 100 = greatest walkability). Results: HD patients took a mean of 6,393 ± 3,550 steps/day (n = 46). Median WS of the neighborhood where they resided was 28. Patients in an above-median WS (n = 27) neighborhood took significantly more daily steps compared to those (n = 19) in a below-median WS neighborhood (7,514 ± 3,900 vs. 4,800 ± 2,228 steps/day; p < 0.001, t test). Daily steps and WS were directly correlated (R = 0.425; p = 0.0032, parametric test; R = 0.359, p = 0.0143, non-parametric test). Conclusion: This is the first study conducted among HD patients to indicate a direct relationship between neighborhood walkability and the actual steps taken. These results should be considered when designing initiatives to increase and improvise exercise routines in HD populations.
Relationships between Neighborhood Walkability and Objectively Measured Physical Activity Levels in Hemodialysis Patients
Sedentary lifestyles are associated with increased risk for onset/exacerbation of morbidities and all-cause mortality in the general population, especially for cardiovascular diseases [1] . Living a physically active life is recommended to reduce these risks [1, 2] . Hemodialysis (HD) patients have an increased cardiovascular mortality and it has been shown that they are less active than their healthy counterparts [2] [3] [4] [5] [6] [7] . Some common morbidities in HD populations have been linked to physical inactivity, such as anemia, bone mineral disorders, cardiovascular abnormalities, inflammation, malnutrition, and depression [4-6, 8, 9] . Urbanicity of residence (i.e., urban, suburban, rural) as well as neighborhoods environment have been shown to be associated with physical activity levels in the general and HD populations [10] [11] [12] [13] [14] . Despite this, specific neighborhood characteristics have in some cases not been identified to be associated with physical activity levels in older adults and those with chronic illness [15] [16] [17] .
Walkability indexes are measures of neighborhood characteristics that are conducive of higher levels of physical activity; these metrics have been found to be surrogate markers of physical activity levels and associated with health outcomes in the general population [10-13, 18, 19] . The Walk Score ® (WS; www.walkscore.com) is a publicly available index of neighborhood characteristics that are conducive to walking in the United States, Canada, and Australia. The WS measures neighborhood characteristics on a scale of 0 (poorest walkability) to 100 (greatest walkability) based on distance and a variety of key public and commercial destinations (e.g., grocery stores, retail stores, parks, schools). The WS has been validated to be correlated with objective neighborhood walkability indexes based on geographic information systems data [20] , and has been demonstrated to be related to physical activity levels and associated with health outcomes in the general population [19, 21, 22] . It has been shown in the general population that the probability of people meeting physical activity recommendations increases by 26% for every 10-point increase in the WS [19] . Currently, it is unknown whether neighborhood characteristics are associated with physical activity levels in patients who are affected by end-stage renal disease (ESRD). Understanding the factors that influence physical activity levels in people with ESRD is of great importance to designing optimal support systems and targeted interventions to increase physical health and improve health outcomes in this population.
Objectives We hypothesized that the walkability of a neighborhood is related to, and a marker of physical activity levels in people with ESRD undergoing HD. Hence, the aims of this investigation were to assess whether neighborhood walkability determined using the WS is associated to and correlated with objectively measured physical activity levels in HD patients residing in urban and suburban environments in the United States.
Methods

Study Design
This retrospective study included the analysis of physical activity data previously collected from 2 clinical research studies conducted on maintenance HD patients from both an urban (New York, NY, USA) and suburban (Baton Rouge, LA, USA) area, using the Fitbit ® Flex TM (Fitbit, San Francisco, CA, USA) device for a duration of 5 weeks [14, 23] 
Participants
Participants who consented to participate met the following inclusion criteria for the original trials: receiving HD treatment thrice weekly for more than 3 months, age ≥18 and ≤75 years old, able to walk without assistive devices, and English speaking. Patients were excluded from the original trials if they had an acute infection, congestive heart failure (CHF; NYHA class 4) and/or unstable angina, were hospitalized <3 months prior to enrollment for non-access related reasons, were known to exhibit allergies to nickel, and/or had a cognitive impairment. Demographic data (e.g., age, race, and gender) were captured from the participants' electronic health records (EHRs).
Physical Activity Data
To capture physical activity levels in the initial trials, HD patients were equipped with a wrist-based accelerometer activity tracker (Fitbit ® Flex TM ) for 5 weeks. During the observational period, participants were instructed to wear the activity tracker at all times, except during their routine HD treatments. The activity trackers were charged and the activity data were downloaded during the participants' HD treatments. At the end of the 5-week observational period, activity data (steps taken and distance traveled) were aggregated and exported from the Fitbit website using their Premium software feature.
Walkability Data
The WS utilizes public data available from sources such as Google, Education.com, Open Street Map, and Localeze to calculate the distance and variety of key public and commercial destinations, and assigns a score based off the reference location (e.g., geographic coordinates, address, zip code). The key destinations are classified in the following categories: dining and drinking establishments, grocery stores, retail shopping stores, businesses for routine errands, parks and gyms, schools, entertainment, and culture. The WS uses an algorithm to compute the linear combination of weighted distances to destinations in each category, and the results are normalized to fit a scale from 0 (poorest walkability) to 100 (greatest walkability). For each category, amenities within a quarter-mile are assigned a score of 100, and amenities greater than one mile away are assigned a score of zero. For this study, we captured data on the participants WS in their zip code of residence in January of 2017.
Clinical and Laboratory Data
Standard of care laboratory data (Spectra Laboratories, USA) was captured from the EHR for the analysis. Additionally, inflammatory serum markers, pre-albumin, and C-reactive protein (CRP), were measured in these studies by Spectra Clinical Research, USA from pre-dialysis blood samples collected on the midweek dialysis session.
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Patient level data on covariates including HD vintage, total equilibrated HD dose (eKdrt/V), post-HD weight, interdialytic weight gain, pre-/post-HD systolic and diastolic blood pressure were captured from EHRs.
Comorbidities CHF and diabetes mellitus were defined using ICD-9 and/or ICD-10 codes documented in the patients' EHR.
Analysis Design
Descriptive statistics comprised of means (±SD) for continuous variables and percentages for categorical variables. The mean, SD, and median WS was calculated for the entire population and the NYC and BR cohorts. Parametric and non-parametric linear correlation and regression analyses were performed to examine the association between daily average steps and WS using the zip code of each patient's residence for the total population, as well as for the NYC and BR cohort. Patients were then stratified into 2 groups depending on them being above (high walkability) or below (low walkability) the median WS. In order to discern the association between WS and physical activity patterns, average steps per day on HD days (days of HD treatment), non-HD days (days without HD treatment except Sundays), and Sundays were computed for the low and high walkability groups, as well as the entire population. Paired t-test methods were used to compare differences in the step count for HD days, non-HD days, and Sundays. Differences between the means and 95% CI were estimated for step counts on HD days, non-HD days, and Sundays.
Results
Patient Characteristics
In total, data from 46 HD patients were analyzed. Of those, 17 were from NYC and 29 from BR. Patient characteristics are depicted in Table 1 . The mean age was 54.0 ± 12.9 years, dialysis vintage was 5.5 ± 5.3 years, 50% were male, 76.1% were black, 45.7% had diabetes, and 23.9% had CHF. Patients took an average of 6,393 ± 3,550 steps/ 
Association of Physical Activity and WS
The mean WS for all subjects, NYC subjects, and BR subjects was 44 ± 41, 91 ± 19, and 17 ± 20 respectively. Both parametric (R = 0.425; p = 0.0032) and nonparametric analysis (R = 0.359, p = 0.0143) indicated a positive correlation between the WS and average daily steps (Fig. 1) . The direct linear relationship is preserved when the 2 cohorts, NYC and BR, are analyzed separately with NYC's line of best fit exhibiting an upward shift, which reflects the higher level of physical activity in that group.
When stratified into 2 groups by median WS of 28, 19 subjects were in the low walkability group (WS <28) and 27 subjects in the high walkability group (WS ≥28; Table  1 ). Patients in the low walkability group took significantly less steps per day than those in the high walkability group (4,800 ± 2,228 vs. 7,514 ± 3,900, respectively, p < 0.001).
Assessment of activity patterns identified that patients in the low walkability group took significantly less steps per day on HD days and non-HD days compared to the high walkability group (Fig. 2 ). There were no differences between groups for steps per day on Sundays. There were also no differences between steps per day during the days of the week within the low and high walkability groups.
We expanded our analysis by exploring physical activity patterns related to the WS neighborhood description (walkscore.com). To that end, we conducted a separate analysis by "walkable" (WS ≥50) or "car-dependent" (WS <50) neighborhoods, with 26 patients in car-dependent and 20 patients in walkable neighborhoods. As in the case of using the median WS cut-off of 28, patients in the WS <50 group walked significantly less on HD days than those in the WS ≥50 group. However, there were no difference in the steps taken on non-HD days between the 2 groups. Those with a WS <50 took significantly less steps per day on HD days compared to Sundays (Fig. 3) . 
Patient Characteristics Relative to Walkability Groups
Using the cut-off of WS <28, we compared clinical, laboratory, and treatment variables between patients in the low and high walkability groups (Table 1) . Patients in the high walkability group were older (55.0 ± 12.6 years high walkability vs. 50.0 ± 13.2 years low walkability), had longer HD vintage (6.2 ± 6.4 high walkability vs. 4.5 ± 2.9 years low walkability), lower body mass index (BMI; 28.4 ± 6.7 kg/m 2 high walkability vs. 35.0 ± 9.3 kg/m 2 low walkability), higher prevalence of CHF (25.9% high walkability vs. 21.0% low walkability), lower interdialytic weight gain (1.9 ± 1.8 kg high walkability vs. 2.8 ± 1.4 kg low walkability), and higher pre and post blood pressures. When considering the inflammation status, patients in the high walkability group exhibited lower CRP levels (9.6 ± 10.1 mg/L high walkability vs. 13.7 ± 13.0 mg/L low walkability), yet had similar levels of pre-albumin and albumin levels.
Discussion
The findings of this study identify for the first time that the walkability of a neighborhood is positively correlated to and associated with physical activity levels in HD patients. These observations are consistent with those of previous studies in the general population [19, 21] ; however, there is a contrast in some select findings in elderly people and those with chronic illnesses including hearing and vision impairments, and musculoskeletal diseases [15] [16] [17] . Our study showed that patients who live in more walkable areas exhibited significantly higher physical activity levels compared to those who live in less walkable areas, even though they were older, had a higher prevalence of CHF, and longer HD vintage. To date, the relationships between neighborhood walkability and physical activity have not been explored among HD populations. HD patients commonly have sedentary lifestyles that increase their risk for an array of negative outcomes, and compounds upon their existing risk for cardiovascular morbidity and mortality [4, 6, 7, 14, [24] [25] [26] . O'Hare et al. [27] studied a large cohort of 4,024 incident HD and peritoneal dialysis patients and observed that patients with sedentary lifestyles exhibited a 62% higher risk of oneyear mortality (HR 1.62; 95% CI 1.16-2.27) compared with patients with active lifestyles. Neighborhood environment could play an important role in physical activity levels. The ease of performing routine daily activities by walking or riding a bike to amenities such as grocery stores has the potential to impact non-leisure physical activity patterns. Neighborhood environment appears to be a crucial factor for dialysis providers and clinicians to consider when optimizing and prioritizing interventions to improve physical activity levels in HD patients.
Physical inactivity in HD patients may be secondary to the burden of ESRD and its associated negative impacts, including inflammatory responses and nutritional deficiency. The release of cytokines can stimulate a catabolic state and cause irreversible muscle breakdown. In a study of self-reported physical activity levels in dialysis patients, the doubling of physical activity levels was associated with an increase of 3 mg/dL in pre-albumin levels and a decrease of 40-50% in CRP levels [28] . Our findings are somewhat consistent with this possible explanation. Patients in the low walkability group (WS <28) showed more signs of inflammation (mean CRP = 13.7 mg/L) compared to the high walkability group (WS ≥28; mean CRP = 9.6 mg/L). Despite this, pre-albumin and albumin levels did not differ by high and low neighborhood walkability.
Notably, the HD treatment itself promotes catabolism and patients are commonly known to have post-dialysis fatigue, which could impact physical activity levels. It has been observed in HD patients that physical activity levels are typically lower on HD days, as compared to non-HD days [14, 29] . In our study, we found that patients residing in more walkable areas took significantly more steps per day on HD days, as compared to those residing in less walkable areas. This characteristic is present independent of whether a WS ≥28 or WS ≥50 was considered "more" walkable. Patients in the high walkability group, independent to WS cut off, performed a similar number of steps per day on HD days, non-HD days, and Sundays, and this supports our hypothesis that living in more walkable areas has a positive effect on physical activity levels. Patients residing in a neighborhood with a WS <50 took significantly more steps per day on Sundays compared to HD days, yet there were no differences in steps per day observed between those residing in a neighborhood with a WS <28. Higher levels of physical activity have been established to be related to better weight management in ESRD patients [4] [5] [6] . In an exploratory sub-analysis in this study, we identified correlations between higher mean steps per day and lower BMI (r = 0.1667; p = 0.0048), as well as between higher WS and BMI (r = 0.1457; p = 0.0089; Fig. 4 ). Our observations provide insight for the development of programs to increase physical activity levels in HD patients. Ultimately, our results suggest that HD patients residing in areas with poor walkability may gain the most benefit from paradigms to improve physical activity levels on dialysis days, such as use of intradialytic exercise programs. Alternatively, in patients who reside in areas that are more conducive to walking, different physical activity improvement paradigms may be the most optimal, such as initiatives that aim to increase exercise throughout the week.
Limitations
Although this study has many strengths and identified novel findings, it does have several limitations that include a small population of patients that are not representative of the overall HD population. Additionally, the study population largely included patients in areas with a very low or very high WS (NY and BR) and did not have an even distribution of geographies.
Another limitation of this study is that it used combined data from 2 clinical research studies that objective- ly tracked activity levels in patients randomized to either a control group, or an intervention that included the provision of routine reports on the patients' activity levels [14, 23] . Therefore, the influences of interventions may have affected activity levels in interventional versus control patients at each study site location. However, the intervention was not identified to alter the number of steps performed in the original studies and any effects would be anticipated to be balanced for each specific geographical population. Further research is needed to confirm the findings of this study.
Conclusions
The findings indicate that neighborhood walkability is related to and a marker of physical activity levels and patterns in HD patients. Higher neighborhood WS is associated with higher levels of physical activity regardless of the HD treatment day patterns. Albeit further studies are warranted to confirm these observations, these findings should be considered by dialysis providers and clinicians when designing interventions to increase and improvise the exercise routine in the ESRD population. 
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